Examination of the reaction of 2,4-dinitrofluorobenzene with thymidine-5' phosphate in detail reveals that the initial product is the 2,4-dinitrophenyl ester. This reacts with fluoride to produce thymidine-5' phosphorfluoridate. This second reaction provides the basis for the conversion of preformed thymidine-5' 2,4-dinitrophenyl phosphate to thymidine-5 1 phosphorofluoridate.
INTRODUCTION
The phosphorofluoridate mono-esters form stable salts which are of potential utility in several areas of biochemistry. Thus, they are efficient intermediates in the base-catalyzed chemical synthesis of phosphodiesters (1, 2) . In addition, a nucleoside phosphorofluoridate has been used as a very effective nuclease inhibitor (3).
The available route to a phosphorofluoridate mono-ester involves the reaction of a phosphomonoester with 2,4-dinitrofluorobenzene. The latter is a powerful and relatively nonspecific reagent (4) . We have examined the mechanism of this reaction and, as a result, developed a mild and specific two-step procedure for preparation of phosphorfluoridate mono-esters.
This procedure, which involves the synthesis of the 2,4-dinitrophenyl ester from the monoester followed by displacement of 2,4-dinitrophenoxide by fluoride, is the subject of this communication. Some of these results have been published in preliminary form (5) . Tigerstrom and Smith (6) . Organic solvents were redistilled and dried over CaH2. Thymidine-5' phosphorofluoridate and thymidine-3' phosphorofluoridate were prepared by the method of Wittmann (7) . These two nucleotides were also synthesized using the isolation procedure described below for thymidine-3' phos- Table 1 . 
MATERIALS AND METHODS

DEAE
Fluoride at 50° (see text for experimental d e t a i l s ) .
Concentration of Reactants (M)
Thymidine-5' 2,4-dinitro-10"" 10" (4) and r e s u l t s in a t l e a s t one class of unwanted product in reaction with nucleotides (8) .
Earlier studies suggested that a nucleoside 2,4-dinitrophenyl phosphate was an intermediate in the production of the phosphorofluoridate (8) although it also has been suggested that the reaction proceeds by a concerted mechanism (7). Additional evidence for a two stage mechanism is provided by kinetic studies on the reaction of simple 2,4-dinitrophenyl phosphate esters with fluoride ion (9) . Taking all these points into consideration, (Table 1 ) . It has been suggested that a trialkylamine can be a catalyst of the displacement of 2,4-dinitrophenoxide from phosphate by fluoride (9) . However, the present kinetic study shows that the effect of triethylamine and fluoride in displacing 2,4-dintrophenoxide from thymidine-5 1 2,4-dinitrophenyl phosphate is only additive (Table I ) . There is no detectable catalytic effect by triethylamine on the reaction of fluroide in our experiments and the release of 2,4-dinitrophenoxide which is produced by triethylamine alone must be a consequence of the great susceptibility of the ester to basecatalysed hydrolysis (6, 10) . It should be noted that in our earlier work (5) we interpreted our results in terms of trialkylamine catalysis of the reaction of fluoride. It is clear, from the results in Table I , that the determining factor in phosphorofluoridate formation is fluoride concentration. As a consequence (see Materials and Methods) , a short exposure of a nucleoside phosphate to 2,4-dinitrofluorobenzene provides an efficient preparative route to the 2,4-dinitrophenyl ester of the nucleotide.
In summary, the present experiments define a mild, specific, two-step route to phosphorofluoridates of mono-esters. First, the 2,4-dinitrophenyl ester is prepared by the method of von Tigerstrom and Smith (6) or by brief reaction with 2,4-dinitrofluorobenzene. Then the 2,4-dinitrophenoxide anion is displaced
